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STAPHYLOCOCCUS AUREUS

Ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèé ïî èçó÷åíèþ ýôôåêòèâíîñòè àíòèìèêðîáíîãî
äåéñòâèÿ îäíîãî èç ìåòîäîâ ôîòîäèíàìè÷åñêîé òåðàïèè íà êóëüòóðó Staphylococcus aureus. Â
ðàáîòå èñïîëüçîâàëè èñòî÷íèê îïòè÷åñêîãî èçëó÷åíèÿ ñ äëèíîé âîëíû 620 íì è âûõîäíîé
ìîùíîñòüþ 3500 ìÂò. Â êà÷åñòâå ôîòîñåíñèáèëèçàòîðà ïðèìåíÿëè îðãàíè÷åñêèé êðàñèòåëü
ìåòèëåíîâûé ñèíèé. Óñòàíîâëåíî îáðàçîâàíèå ñâîáîäíûõ ðàäèêàëîâ â ðàñòâîðå ôîòîñåíñè-
áèëèçàòîðà ïðè âîçäåéñòâèè îïòè÷åñêîãî èçëó÷åíèÿ ñî ñïåöèôè÷íîé äëèíîé âîëíû, ñîïðî-
âîæäàþùååñÿ îáðàçîâàíèåì ýëåêòðè÷åñêîãî ïîòåíöèàëà 20 ìÂ íà ïîãðóæåííûõ â ðàñòâîð
ýëåêòðîäàõ. Âíîñèìîå â îáëó÷àåìûé ðàñòâîð ôîòîñåíñèáèëèçàòîðà îðãàíè÷åñêîå âåùåñòâî
ïîãëîùàåò ÷àñòü ñâîáîäíûõ ðàäèêàëîâ, ÷òî ñîïðîâîæäàåòñÿ ïîíèæåíèåì ýëåêòðè÷åñêîãî ïî-
òåíöèàëà íà ýëåêòðîäàõ äî 10 ìÂ. Àíòèìèêðîáíîå äåéñòâèå 0,02%-ãî ðàñòâîðà ìåòèëåíîâîãî
ñèíåãî êðàñèòåëÿ â îòíîøåíèè êóëüòóðû S. aureus ïðè îáëó÷åíèè äîñòîâåðíî ïîâûøàåòñÿ íà
31,17 %, äîñòèãàÿ ýôôåêòèâíîñòè àíòèáèîòèêîâ.

Êëþ÷åâûå ñëîâà: àíòèáèîòèêîðåçèñòåíòíîñòü, ôîòîäèíàìè÷åñêàÿ òåðàïèÿ, ìåòèëåíîâûé
ñèíèé êðàñèòåëü, îïòè÷åñêîå èçëó÷åíèå, ñâîáîäíûå ðàäèêàëû.

Ýêñïàíñèÿ àíòèáèîòèêîðåçèñòåíòíûõ øòàììîâ ìèêðîîðãàíèçìîâ âû-
çûâàåò íåîáõîäèìîñòü ïîèñêà è ðàçðàáîòêè íîâûõ àíòèìèêðîáíûõ ñðåäñòâ,
îñíîâàííûõ íà îòëè÷íûõ îò àíòèáèîòèêîòåðàïèè ïðèíöèïàõ. Îäíèìè èç
òàêèõ ñðåäñòâ, îáëàäàþùèõ íåîáõîäèìûì ïîòåíöèàëîì, ÿâëÿþòñÿ ôîòî-
ñåíñèáèëèçàòîðû – âåùåñòâà, ñïîñîáíûå äèññîöèèðîâàòü ïðè ïîãëîùåíèè
êâàíòîâ îïòè÷åñêîãî èçëó÷åíèÿ ñî ñïåöèôè÷íîé äëèíîé âîëíû, îáðàçóÿ
ïðè ýòîì ñâîáîäíûå ðàäèêàëû, îáëàäàþùèå öèòîòîêñè÷åñêèì äåéñòâèåì.
Äàííîå ñâîéñòâî èñïîëüçóåòñÿ â òåðàïèè îíêîëîãè÷åñêèõ çàáîëåâàíèé.
Ýòîò ïåðñïåêòèâíûé ìåòîä ëå÷åíèÿ íàçûâàåòñÿ ôîòîäèíàìè÷åñêàÿ òåðà-
ïèÿ, îäíàêî â íàñòîÿùåå âðåìÿ â êëèíè÷åñêîé ïðàêòèêå îí èñïîëüçóåòñÿ â
åäèíè÷íûõ ñëó÷àÿõ èëè òîëüêî â ýêñïåðèìåíòàëüíûõ öåëÿõ [1]. Ñàìûìè
ðàñïðîñòðàíåííûìè ïðèìåíÿåìûìè ôîòîñåíñèáèëèçàòîðàìè ÿâëÿþòñÿ
ôòàëîöèàíîâûå ñîåäèíåíèÿ èëè ñîåäèíåíèÿ íà îñíîâå ïîðôèðèíîâ [2].
Ñâîéñòâî ôîòîñåíñèáèëèçàòîðîâ – íàêàïëèâàòüñÿ â ïàòîëîãè÷åñêè èçìå-
íåííûõ êëåòêàõ îðãàíèçìà è âûñâîáîæäàòü ïîä âîçäåéñòâèåì îïòè÷åñêîãî
èçëó÷åíèÿ ñâîáîäíûå ðàäèêàëû, îáëàäàþùèå öèòîñòàòè÷åñêèì äåéñòâèåì,
ïî íàøåìó ìíåíèþ, ìîæåò áûòü èñïîëüçîâàíî â òåðàïèè èíôåêöèîííûõ
çàáîëåâàíèé, îñîáåííî èìåþùèõ ëîêàëüíûé õàðàêòåð. Èìåþòñÿ îòäåëü-
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íûå ðàáîòû ïî èçó÷åíèþ âîçäåéñòâèÿ ôîòîñåíñèáèëèçàòîðîâ ñ ïîñëåäóþ-
ùèì îáëó÷åíèåì íà óñëîâíî-ïàòîãåííûå ìèêðîîðãàíèçìû. Íàïðèìåð,
óñòàíîâëåíà èíàêòèâàöèÿ êëåòîê S. aureus è Pseudomonas aeruginosa â ðå-
çóëüòàòå âîçäåéñòâèÿ ôòàëîöèàíîâûõ ñîåäèíåíèé öèíêà â êà÷åñòâå ôîòî-
ñåíñèáèëèçàòîðà è ïîñëåäóþùåé îáðàáîòêè ëàçåðíûì èçëó÷åíèåì ìîùíî-
ñòüþ 50 ìÂò, ñ äëèíîé âîëíû 1,5 ìêì è ýêñïîçèöèåé 10 ìèí [3]. Òàêæå åñòü
äàííûå îá ýôôåêòèâíîé òåðàïèè êàíäèäîçà ïîëîñòè ðòà, âûçâàííîãî àíòè-
áèîòèêîðåçèñòåíòíûì øòàììîì Candida albicans, â õîäå êîòîðîé ïðèìåíÿ-
ëè â êà÷åñòâå ôîòîñåíñèáèëèçàòîðà ìåòèëåíîâûé ñèíèé êðàñèòåëü è
êàäìèé-ãàëëèé-ôîñôèäíûé ëàçåð ñ äëèíîé âîëíû 620 íì è ýêñïîçèöèåé
5 ìèí [4]. Òàêèì îáðàçîì, ñóùåñòâóåò îïðåäåëåííûé ïîòåíöèàë èñïîëüçî-
âàíèÿ ôîòîñåíñèáèëèçàòîðîâ â òåðàïèè èíôåêöèîííûõ çàáîëåâàíèé, îñî-
áåííî èìåþùèõ ëîêàëüíûé õàðàêòåð.

Öåëü íàøåé ðàáîòû – èçó÷åíèå àíòèìèêðîáíîãî äåéñòâèÿ ìåòèëåíî-
âîãî ñèíåãî êðàñèòåëÿ êàê ôîòîñåíñèáèëèçàòîðà.

Äëÿ äîñòèæåíèÿ öåëè áûëè ïðîâåäåíû äâà îïûòà. Â õîäå ïåðâîãî îïû-
òà ïëàíèðîâàëè èçó÷èòü ïîÿâëåíèå ñâîáîäíûõ ðàäèêàëîâ â ðàñòâîðå ìåòè-
ëåíîâîãî ñèíåãî ïðè âîçäåéñòâèè íà íåãî îïòè÷åñêîãî èçëó÷åíèÿ ïî
èçìåíåíèþ ýëåêòðîïðîâîäíîñòè ðàñòâîðà; âòîðîãî – èçó÷èòü âîçäåéñòâèå
ìåòèëåíîâîãî ñèíåãî êðàñèòåëÿ è ïîñëåäóþùåãî îáëó÷åíèÿ íà êóëüòóðó
S. aureus.

ÌÀÒÅÐÈÀËÛ È ÌÅÒÎÄÛ ÈÑÑËÅÄÎÂÀÍÈÉ

Â ðàáîòå èñïîëüçîâàëè 0,02%-é ðàñòâîð ìåòèëåíîâîãî ñèíåãî êðàñèòå-
ëÿ â äèñòèëëèðîâàííîé âîäå, èìåþùèé ñïåêòð ïîãëîùåíèÿ îïòè÷åñêîãî
èçëó÷åíèÿ â äèàïàçîíå 618–668 íì, äâà ïëàñòèí÷àòûõ ýëåêòðîäà, èçãîòîâ-
ëåííûõ èç OFC-ìåäè (áåñêèñëîðîäíîé) ñ ïëîùàäüþ ïîãðóæàåìîé ïîâåðõ-
íîñòè 1260 ìì2 êàæäûé, àíàëîãîâûé îñöèëëîãðàô GW Instek GOS-6051, à
òàêæå ñïåöèàëüíî ðàçðàáîòàííûé LED-îáëó÷àòåëü ñ äëèíîé âîëíû 620 íì
è âûõîäíîé ìîùíîñòüþ 3500 ìÂò. Îïûò ïðîâåäåí ñëåäóþùèì îáðàçîì: â
0,02%-é âîäíûé ðàñòâîð ìåòèëåíîâîãî ñèíåãî ïîãðóæàëè ìåäíûå ýëåêòðî-
äû, çàêðåïëåííûå íà èçîëèðóþùåì îñíîâàíèè, íà ðàññòîÿíèè 10 ìì âçà-
èìíî ïàðàëëåëüíî. Ê ýëåêòðîäàì ãèáêèìè ïðîâîäíèêàìè áûë ïîäêëþ÷åí
îñöèëëîãðàô â ðåæèìå èçìåðåíèÿ ïîñòîÿííîãî íàïðÿæåíèÿ. Çàòåì ìåæäó
ýëåêòðîäàìè ðàçìåùåí LED-îáëó÷àòåëü. Ïðè åãî âêëþ÷åíèè ïëîòíîñòü
ìîùíîñòè îïòè÷åñêîãî èçëó÷åíèÿ ñîñòàâèëà 0,55 Âò/ñì2.

Â áàêòåðèîëîãè÷åñêèõ èññëåäîâàíèÿõ èñïîëüçîâàëè LED-îáëó÷àòåëü,
ïîëåâîé èçîëÿò S. aureus, íàáîð äèñêîâ ñ àíòèáèîòèêàìè äëÿ îïðåäåëåíèÿ
àíòèáèîòèêîðåçèñòåíòíîñòè. Òàêæå èñïîëüçîâàëè àíàëîãè÷íûå äèñêè ñ
ìåòèëåíîâûì ñèíèì, èçãîòîâëåííûå ñàìîñòîÿòåëüíî. Â õîäå îïûòà ïðîâî-
äèëè ñïëîøíîé ïîñåâ êóëüòóðû S. aureus ñ êîíöåíòðàöèåé 1 ìëðä ÊÎÅ/ìë
íà ìÿñîïåïòîííûé àãàð, çàòåì íà ïîâåðõíîñòü ïèòàòåëüíîé ñðåäû ïîìåùà-
ëè äèñêè: â 1-é îïûòíîé ãðóïïå – ñ àíòèáèîòèêàìè, âî 2-é – ñ ìåòèëåíî-
âûì ñèíèì áåç ïîñëåäóþùåãî îáëó÷åíèÿ, â êîíòðîëüíîé ãðóïïå – ñ
ìåòèëåíîâûì ñèíèì è ïîñëåäóþùèì îáëó÷åíèåì â òå÷åíèå 10 ìèí. Ïîñå-
âû èíêóáèðîâàëè â òå÷åíèå 24 ÷, çàòåì èçìåðÿëè äèàìåòð çîíû çàäåðæêè
ðîñòà ìèêðîîðãàíèçìîâ. Ïîëó÷åííûå ðåçóëüòàòû ñòàòèñòè÷åñêè îáðàáàòû-
âàëè ïî Ôèøåðó â ïðîãðàììå MS Excel 2003.
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ÐÅÇÓËÜÒÀÒÛ ÈÑÑËÅÄÎÂÀÍÈÉ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ

Â õîäå ïåðâîãî îïûòà îáíàðóæåíà ñëåäóþùàÿ çàêîíîìåðíîñòü: íà
ýëåêòðîäàõ, ïîìåùåííûõ â ðàñòâîð ìåòèëåíîâîãî ñèíåãî êðàñèòåëÿ, äî îá-
ëó÷åíèÿ ñàìîãî ðàñòâîðà îòñóòñòâóåò êàêîé-ëèáî ýëåêòðè÷åñêèé ïîòåíöè-
àë. Âêëþ÷åíèå LED-îáëó÷àòåëÿ è âîçäåéñòâèå íà ðàñòâîð ôîòîñåíñèáèëè-
çàòîðà îïòè÷åñêîãî èçëó÷åíèÿ, ëåæàùåãî â ñïåêòðå åãî ïîãëîùåíèÿ, ñî-
ïðîâîæäàåòñÿ ïîÿâëåíèåì ýëåêòðè÷åñêîãî ïîòåíöèàëà íà ýëåêòðîäàõ, êîòî-
ðûé ÷åðåç 4 ìèí äîñòèãàåò ñâîåãî ìàêñèìóìà è ñîñòàâëÿåò 20 ± 0,5 ìÂ
(n = 5). Ýòî ñâèäåòåëüñòâóåò îá îáðàçîâàíèè â ðàñòâîðå ÷àñòèö ñ ðàçíî-
èìåííûìè ýëåêòðè÷åñêèìè çàðÿäàìè (èîíîâ, ñâîáîäíûõ ðàäèêàëîâ), âû-
çûâàþùèõ ïîëÿðèçàöèþ ýëåêòðîäîâ. Âíåñåíèå â îáëó÷àåìûé ðàñòâîð îðãà-
íè÷åñêîãî âåùåñòâà (íàâåñêà ìÿñîïåïòîííîãî àãàðà ìàññîé 0,5 ã) ñîïðîâî-
æäàåòñÿ ìîìåíòàëüíûì ïàäåíèåì íàïðÿæåíèÿ íà ýëåêòðîäàõ äî 10 �

� 0,5 ìÂ (n = 5), ñâèäåòåëüñòâóÿ î ïîãëîùåíèè ÷àñòè ñâîáîäíûõ ðàäèêàëîâ
îðãàíè÷åñêèì âåùåñòâîì. Ñëåäîâàòåëüíî, âîçäåéñòâóÿ ôîòîñåíñèáèëèçà-
òîðàìè íà ìèêðîîðãàíèçìû ñ ïîñëåäóþùèì îáëó÷åíèåì, ìîæíî îæèäàòü
ñâÿçûâàíèÿ ñ íèìè ñâîáîäíûõ ðàäèêàëîâ è èçìåíåíèÿ ñâîéñòâ ìèêðîîðãà-
íèçìîâ.

Âî âòîðîì îïûòå îáíàðóæèëè óâåëè÷åíèå äèàìåòðà çîíû çàäåðæêè
ðîñòà â êîíòðîëüíîé ãðóïïå ïîñëå âîçäåéñòâèÿ îïòè÷åñêîãî èçëó÷åíèÿ.
Ðåçóëüòàòû ïðåäñòàâëåíû â òàáëèöå.

Èç ïðèâåäåííûõ äàííûõ ñëåäóåò, ÷òî ðàñòâîð ìåòèëåíîâîãî ñèíåãî êðà-
ñèòåëÿ äàæå áåç îáëó÷åíèÿ îáëàäàåò íåêîòîðûì àíòèìèêðîáíûì äåéñòâèåì.
Îáëó÷åíèå ðàñòâîðà äîñòîâåðíî ïîâûøàåò åãî àíòèìèêðîáíûå ñâîéñòâà, â
äàííîì ñëó÷àå íà 31,17 %, ïðè ýòîì àíòèìèêðîáíîå äåéñòâèå îáëó÷åííûõ
äèñêîâ ñ ìåòèëåíîâûì ñèíèì ïðåâûøàåò äåéñòâèå ñòðåïòîìèöèíà íà
8,24 %, àìïèöèëëèíà íà 18,82 è àìîêñèöèëëèíà íà 1,2 %, íî äîñòîâåðíî óñ-
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Äèàìåòð çîíû çàäåðæêè ðîñòà S. aureus ïîä äåéñòâèåì ðàçëè÷íûõ ïðåïàðàòîâ

Ãðóïïà

Äèàìåòð çîíû çàäåðæêè ðîñòà, ñì

Ïðåïàðàò M ± m (n = 5) Ðàçíèöà
ñ êîíòðîëåì, %

Êîíòðîëüíàÿ Ìåòèëåíîâûé ñèíèé + îáëó÷åíèå 3,4 ± 0,36

Îïûòíàÿ:

1-ÿ Ñòðåïòîìèöèí 3,12 ± 0,23 8,24

Ýíðîôëîêñàöèí 4,88 ± 0,48* –43,53

Òåòðàöèêëèí 4,52 ± 0,1* –32,94

Àìïèöèëëèí 2,76 ± 0,49 18,82

Àìîêñèöèëëèí 3,36 ± 0,51 1,2

Ãåíòàìèöèí 4,46 ± 0,41 –36,47

Ëåâîìèöåòèí 4,24 ± 0,24 –24,7

Òèëîçèí 3,28 ± 0,18 –3,53

2-ÿ Ìåòèëåíîâûé ñèíèé áåç îáëó÷åíèÿ 2,34 ± 0,09* 31,17

* ð < 0,05.



òóïàåò äåéñòâèþ ýíðîôëîêñàöèíà è òåòðàöèêëèíà, à òàêæå ãåíòàìèöèíà, ëå-
âîìèöåíòèíà è òèëîçèíà.

ÇÀÊËÞ×ÅÍÈÅ

Ïðîâåäåííûå èññëåäîâàíèÿ ñâèäåòåëüñòâóþò î íàëè÷èè ñðàâíèìîãî ñ
àíòèáèîòèêàìè àíòèìèêðîáíîãî äåéñòâèÿ ó îáëó÷åííîãî ðàñòâîðà ìåòèëå-
íîâîãî ñèíåãî êðàñèòåëÿ. Ïîâûøåíèå àíòèìèêðîáíîãî äåéñòâèÿ îáóñëîâ-
ëåíî ñâîáîäíûìè ðàäèêàëàìè, îáðàçóþùèìèñÿ ïðè ïîãëîùåíèè îïòè÷å-
ñêîãî èçëó÷åíèÿ ñî ñïåöèôè÷íîé äëÿ ôîòîñåíñèáèëèçàòîðà äëèíîé âîëíû.
Òàêèì îáðàçîì, ìåòèëåíîâûé ñèíèé êðàñèòåëü ìîæåò áûòü èñïîëüçîâàí â
êà÷åñòâå ôîòîñåíñèáèëèçàòîðà êàê ïðåïàðàò ñ âûðàæåííûì àíòèìèêðîá-
íûì äåéñòâèåì â ôîòîäèíàìè÷åñêîé òåðàïèè çàáîëåâàíèé, âûçâàííûõ
S. aureus.

ÁÈÁËÈÎÃÐÀÔÈ×ÅÑÊÈÉ ÑÏÈÑÎÊ

1. Pinthus J.H., Bogaards A., Weersink R. et al. Photodynamic therapy for urological malignancies:
past to current approaches // J. Urol. – 2006. – Vol. 175 (4). – P. 1201–1207.

2. Detty M.R., Gibson S.L., Wagner S.J. Current clinical and preclinical photosensitizers for use in
photodynamic therapy // J. of Medicinal Chemistry. – 2004. – Vol. 47 (16). – P. 3897–3915.

3. Mantareva V., Kussovski V., Angelov I. et al. Photodynamic activity of water-soluble phtha-
locyanine zinc(II) complexes against pathogenic microorganisms // Bioorganic & Medicinal
Chemistry. – 2007. – Vol. 15 (14). – P. 4829–4835.

4. Pupo Y.M., Gomes G.M., Santos E.B. et al. Susceptibility of Candida albicans to photodynamic
therapy using methylene blue and toluidine blue as photosensitizing dyes // Acta Odontol
Latinoam. – 2011. – Vol. 24 (2). – P. 188–192.

Ïîñòóïèëà â ðåäàêöèþ 04.04.2013

A.V. PAVLOV, Candidate of Science in Biology, Senior Researcher,
E.YU. SMERTINA, Doctor of Science in Veterinary Medicine, Laboratory Head,

N.A. DONCHENKO, Doctor of Science in Veterinary Medicine, Director

Institute of Experimental Veterinary Science of Siberia and the Far East,
Russian Academy of Agricultural Sciences

e-mail: arginin@mail.ru

ANTIMICROBIAL ACTION OF PHOTOSENSITIZER
METHYLENE BLUE ON STAPHYLOCOCCUS AUREUS

There are presented results of investigations on studying the effectiveness of antimicrobial action
of a photodynamic therapy method on Staphylococcus aureus cultures. A LED light source with 620
nm wavelength and 3500 mW output power was used in an experiment. The organic methylene blue
dye (MBD) was used as a photosensitizer. Free radicals were determined to be generated in the
solution as influenced by photosensitizer optical radiation with a specific wavelength, accompanied by
forming the electric potential of 20 mV at the copper electrodes immersed in the solution. The organic
matter introduced into the irradiated solution of photosensitizer absorbs a part of free radicals, which
is accompanied by a decrease in the electric potential across the electrodes to 10 mV. The
antimicrobial action of 0.02% solution of MBD against Staphylococcus aureus cultures, when
irradiated, significantly increased by 31.17%, reaching the efficacy of antibiotics.

Keywords: antibiotic resistance, photodynamic therapy, methylene blue dye, optical radiation,
free radicals.
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